Abstract Hypercholesterolemia and hypertriglyceridemia are major risk factors that accelerate the incidence of atherosclerosis and coronary artery diseases. Therefore, the present study was conducted to evaluate the hypolipidemic effect of widely known traditional medicinal herbs and omega-3 FA in experimental hypercholesterolemia induced by Triton WR-1339. Experimental hypercholesterolemic rats were administered mushroom, chrysin, curcumin and omega-3 for 2 weeks. Hypercholesterolemic rats showed an increase in serum levels of lipid profiles and hepatic enzymes. Hypercholesterolemic rats showed an increase in malondialdehyde (MDA) levels and a decrease in both serum levels and mRNA expression of catalase, superoxide dismutase (SOD) and glutathione reducatse. Moreover, hypercholesterolemic rats showed hepatic down regulation in the expression of genes related to fatty acids oxidation such as acyl CoA oxidase (ACO) and synthetase (ACS), together with carnityl palmityl transferase-1 (CPT-1) and peroxisome proliferator activator receptor-α (PPAR-α). Administration of mushroom, chrysin, curcumin and omega-3 to hypercholesterolemic rats for 2 weeks up-regulated significantly the down regulated genes. In contrast, expression of genes related to fatty acids biosynthesis and cholesterol metabolism were increased in hypercholesterolemic rats compared to control group. Herbal medications and omega-3 administration down regulated genes of fatty acids biosynthesis and cholesterol metabolism to normal expression. At cellular levels, hyperlipidemia induced fatty droplets accumulation, necrosis and presence of apoptotic hepatocytes together with leukocytic infiltration in necrotic area that are ameliorated and normalized after administration of herbs and omega-3. In conclusion, the current findings indicated that flavonoids (mushroom, chrysin, curcumin) and omega-3 possess antihypercholesterolemic effects at biochemical, molecular and histopathological levels and are useful in treatment of hypercholesterolemia with lower side effects compared with synthetic hypolipidemic drugs.
Introduction
Metabolic syndrome, a cluster of metabolic abnormalities, such as hyperlipidemia, diabetes mellitus, and hypertension, is a widespread and increasingly prevalent disease in industrialized countries and contributes to the increase in cardiovascular morbidity and mortality [1] . Hypercholesterolemia is one of the greatest risk factors contributing to prevalence and severity of coronary heart diseases [2] . The modern lifestyle, with a high fat diet and little physical activity, significantly contributes to the incidence of hypercholesterolemia and cardiovascular diseases [3] . Alteration in oxidative stress induced by reactive oxygen species (ROS) and impairments of the antioxidant system play a critical role in the pathogenesis of hypercholesterolemia and subsequent cardiovascular diseases [4, 5] . Liver is the organ essential for the maintenance of systemic lipid homeostasis, and easily susceptible to damage by ROS [6] . It has been shown that hyperlipidemia reduces the hepatic antioxidant defense system [7] .
Although numerous synthetic lipid-lowering drugs, such as fibrates, statins, and bile acid sequestrates, have been developed to combat hyperlipidemia, management of this condition without accompanying drug side effects still poses a challenge [8] . The usage of synthetic drugs leads to hyperuricemia, diarrhea, nausea, myositis, gastric irritation, flushing, dry skin and abnormal liver and kidney function [9] . During the last decade, an increase in the use of medicinal plants and herbal medicine has been observed all over the world [2] . Medical plants are safe for health without side effects, encouraging patients to make it the first line for treatment.
Mushrooms are well known for their medicinal properties and have been widely used in traditional medicine. Mushrooms are highly nutritive plants as they contain good quality proteins, vitamins and minerals [10] . The oyster mushroom (Pleurotus ostreatus) contains many biologically active flavonoids, phenolic components, and carotenoids [11] . Edible mushrooms are the ideal materials for the dietetic prevention of atherosclerosis due to its high content of fiber, proteins, microelements, and low fat content [12] . Mushroom prevented weight gain in the mice and may be valuable in the formulation of adjuvant therapy for obesity [13] . More recently Jegadeesh et al stated that mushroom has greater significance in prevention of hyperlipidemia and cardiovascular disease [14] . On the same line, chrysin (5,7-dihydroxyflavone) is a natural flavonoids present in many plant extracts, honey and propolis [15, 16] . Chrysin has anti-inflammatory and antioxidant properties, and is used as a dietary supplement [17] .
Like mushroom, curcumin has become one of the most intensively investigated bioactive non-flavonoids extracted from turmeric, which is extensively used as a curry powder, spice and yellow pigment. Curcumin protects against the pathologic effects of obesity and related metabolic disorders [18] . Curcumin is known for its antiinflammatory, anticarcinogenesis, antiobesity, antiangiogenesis and antioxidant activities [19] . It protects against oxidative damage of liver induced by arsine [20] . As curcumin has a favorable effect in combating obesity-related disorders [21] . Another widely known is omega-3, many reports have confirmed the beneficial effects of marine derived omega-3 polyunsaturated fatty acids (PUFAs) in treatment of cardiovascular diseases [22] . Omega-3 has shown to reduce the incidence and mortality of cardiovascular diseases [23] and prevention and /or treatment of obesity and metabolic syndrome [24] . Moreover, omega-3 has the ability to improve insulin sensitivity and glucose homeostasis in rodents [25] .
In the current study, we evaluated the antihypercholesterolemic effects of some widely common herbal plants used in traditional folk medicine and omega-3 in an experimental animal model of hypercholesterolemia induced by Triton WR-1339.
Materials and Methods

Materials
Male Wistar rats were purchased from King Fahd Institute for Scientific Research, King AbdelAziz University, Saudi Arabia. Triton WR-1339 and chrysin were from Sigma Aldrich, CO, USA. Curcumin and mushroom were from Taif markets and were identified by specialists. Simvastatin and omega-3 were bought from Pharco Company, Jeddah, Saudi Arabia. Biochemical kits for kidney, liver and lipids profiles were from Clini Lab, Cairo, Egypt. Solvents and related materials were from ADWIA pharmaceutical company, Egypt.
Animals and Experimental Procedure
Forty two Male Wistar rats, 6 weeks old, weighting (150-200 g) were housed under conditions of controlled temperature (25 ± 2°C) with a 12 h/12 h day-night cycle in Medical Laboratory Department, College of Applied Medical Science, Turabah, Taif University. Animals gained free access to food and water ad libitum. All procedures were approved by the Animal Care Committee of Taif University for the project #3103 /1435/1.
Induction of Hypercholesterolemia in Wistar Rats
Hypercholesterolemia was induced experimentally in 12 h-fasted rats by a single intraperitoneal injection of Triton WR-1339 (300 mg/kg body weight, b.wt), dissolved in 0.89% saline. Twenty four hours after administration of Triton WR-1339, rats exhibited elevated serum levels of total cholesterol and triglycerides, these rats were seemed to be hypercholesterolemic and used for further investigation and treatment [26] .
Preparation of Mushroom Extract
Freshly harvested mushrooms (mushroom P. ostreatus) were shade-dried and then finely powdered. Five grams of the powder was extracted with 100 ml of 95 % ethanol using a Soxhlet apparatus. Mushroom extracts were then filtered through Whatman filter paper (no. 1). The solvent was evaporated under reduced pressure at 45°C by using a rotary evaporator for elimination of ethanol, and the dried extract was stored at 4 ∘ C until further use [27] .
Experimental Design
The experimental rats were divided into seven groups (6 rats per group). Control group; didn't receive any medication and gained free access to food and water and served as negative control. Hypercholesterolemic group; injected Triton single dose at the beginning and maintained as a positive control without any action for 14 days. The remaining five groups were hypercholesterolemic and received following treatments. Simvastatin group; received orally simvastatin in a dose of 10 mg/ kg b.wt. /day in aqueous suspension for 14 days [28] . Mushroom extract administered group (500 mg/kg b.wt. / day) where mushroom was given orally for 14 days [27] . Chrysin administered rats in a dose of 200 mg/kg b.wt. / day in 0.5 % dimethyl sulfoxide (DMSO) orally for 14 days [27] . Curcumin administered rats in a dose of 400 mg/kg b.wt. / day dissolved in hazelnut oil orally for 14 days [29] . Omega-3 administered rats; omega -3 was given orally in a dose of 30 mg/100 gm b.wt. / day for 14 days [30] . All administrations were administered orally by gastric intubation once daily for 2 weeks at fixed time. Blood samples and tissues were collected from all experimental rats on day 14 after overnight fasting by decapitation after diethyl ether inhalation. Serum was separated for biochemical and antioxidants measurement. Liver samples were preserved in 10% buffered neutral formalin for histopathological examination. Small pieces around 50 mg were taken under aseptic conditions and preserved in TriZol reagent under -80°C for RNA extraction and gene expression.
Biochemical Measurements
Serum triglycerides (TG), total cholesterol (TC), HDL, creatinine, urea, GPT and GOT were measured spectrophotometrically using specific commercial kits (HUMAN Gesellschaft fur Biochemica und Diagnosticam bH, Wiesbaden, Germany) according to manufacturer instructions. Malondialdehyde (MDA), catalase, superoxide dismutase (SOD) and glutathione reductase were measured using ELISA kits based on the manufacturer's instruction manual from Biodiagnostic company, Dokki, Giza, Egypt.
RNA Extraction and cDNA Synthesis
Total RNA was extracted from liver tissue samples (approximately 100 mg per sample) of experimental rats. Liver samples were flash frozen in liquid nitrogen and subsequently stored at -70°C in 1 ml Trizol (QIAGEN Inc., Valencia, CA). Frozen samples were homogenized using a Polytron 300 D homogenizer (Brinkman Instruments, Westbury, NY). Then, 0.3 ml chloroform was added to the homogenate. The mixtures were shaken for 30 seconds followed by centrifugation at 4°C and 16,400 x g for 15 min. The supernatant was transferred to a new set of tubes, and an equal volume of isopropanol was added to the samples, shacked for 15 seconds and centrifuged at 4°C and 16,400 x g for 15 min. The RNA pellets were washed with 70% ethanol, briefly dries up, and then dissolved in Diethylpyrocarbonate (DEPC) water. RNA concentration and purity were determined spectrophotometrically at 260 nm. The RNA integrity was confirmed in 1.5% agarose stained with ethidium bromide. The ratio of the 260/280 optical density of all RNA samples was 1.7-1.9.
For cDNA synthesis, mixture of 3 µg total RNA and 0.5 ng oligo dT primer (Qiagen Valencia, CA, USA) in a total volume of 11 µl sterilized DEPC water was incubated in the Bio-Rad T100 TM Thermal cycle at 65°C for 10 min for denaturation. Then, 2 µl of 10X RT-buffer, 2 µl of 10 mM dNTPs and 100 U Moloney Murine Leukemia Virus (M-MuLV) Reverse Transcriptase (SibEnzyme Ltd. Ak, Novosibirsk, Russia) were added and the total volume was completed up to 20 µl by DEPC water. The mixture was then re-incubated in the thermal Cycler at 37°C for one hour, then at 90°C for 10 min to inactivate the enzyme.
Semi-quantitative RT-PCR Analysis
For semi-quantitative RT-PCR analysis, specific primers for examined genes (Table 1) were designed using Oligo-4 computer program and synthesized by Macrogen (Macrogen Company, GAsa-dong, Geumcheon-gu. Korea). PCR was conducted in a final volume of 25 µl consisting of 1 µl cDNA, 1 µl of 10 pM of each primer (forward and reverse), and 12.5 µl PCR master mix (Promega Corporation, Madison, WI), the volume was brought up to 25 µl using sterilized, deionized water. PCR was carried out using Bio-Rad T100
TM Thermal Cycle machine with the cycle sequence at 94°C for 5 minutes one cycle, followed by variable cycles (stated in Table 1 ) each of which consists of denaturation at 94°C for one minute, annealing at the specific temperature corresponding to each primer (Table 1 ) and extension at 72°C for one minute with additional final extension at 72°C for 7 minutes. As a reference, expression of glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mRNA was examined (Table 1) . PCR products were electrophorized on 1.5% agarose gel stained with ethidium bromide in TBE (TrisBorate-EDTA) buffer. PCR products were visualized under UV light and photographed using gel documentation system. The intensities of the bands were quantified densitometrically using Image J software version 1.47 (http.//imagej.en.softonic.com/). 
Liver Histopathology
Rats were anesthetized with diethyl ether and the liver was incised. Livers were then removed from the rats and fixed overnight in a 10% buffered neutral formalin solution. Fixed tissues were processed routinely including washing, dehydration, clearing, paraffin embedding, casting, sectioning to 5 μm sections for using in hematoxylin and eosin staining [31] .
Statistical Analysis
Results were shown as means ± standard error of means (SEM). Data were analyzed using analysis of variance (ANOVA) and post-hoc descriptive tests by SPSS software version 11.5 for Windows with p<0.05 regarded as statistically significant. Regression analysis was performed using the same software.
Results
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on Serum Biochemical Changes of Hypercholesterolemic Wistar Rats
As shown in Table 2 , induction of hypercholesterolemia in rats showed significant increase in serum levels of cholesterol, triglycerides, creatinine, urea, GPT and GOT. Compared to simvastatin (a well known hypolipidemic drug), there are a significant decrease in all parameters measured in hypercholesterolemic rats administered mushroom, chrysin, curcumin and omega-3. Triton induced hypercholesterolemic rats showed a decrease in HDL levels and normalized after administration of mushroom, chrysin, curcumin and omega-3 for 14 days. 
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on Serum Levels and Gene Expression of Catalase and SOD in Hypercholesterolemic Wistar Rats
As shown in Figure 1 , Triton decreased serum levels and mRNA expression of catalase and SOD. Administration of mushroom, chrysin, curcumin and omega-3 showed beneficial effects, as they normalized and increased the serum levels and mRNA expression of catalase and SOD compared to Triton administered rats. There was a variation between administered treatments but without clear significant difference (Figure 1 A-D) . Figure 2 . Protective effects of mushroom, chrysin, curcumin and omega-3 on Serum Levels of glutathione reductase (A), MDA (B) in blood and on hepatic mRNA expression GST in hypercholesterolemic rats. RNA was extracted and reverse transcribed (1μg) and RT-PCR analysis was carried out for GST (C) expression as described in materials and methods. Densitometric analysis was carried for 3 different experiments. Serum glutathione reductase and MDA levels were measured spectrophotometrically. Data are means ± SEM for 3 independent experiments. Values are statistically significant at *p<0.05Vs. control, #p < 0.05 Vs. Triton
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on Serum Levels of Glutathione Reductase, MDA and mRNA Expression of Glutathione-S-Transferase (GST) in Hypercholesterolemic Wistar Rats
Hypercholesterolemia is associated with increase in oxidative stress and a decrease in antioxidants gene expression. As shown in Figure 2A , there was a significant decrease in serum levels of glutathione reducatse. Unlike glutathione reductase, Triton induced significant increase in serum levels of MDA confirming incidence of oxidative stress. The administration of mushroom, chrysin, curcumin and omega-3 normalized the decrease and increase in glutathione reducatse and MDA respectively. GST expression in liver showed a decrease in Triton administered rats and a recovery by chrysin, mushroom, curcumin and omega-3 administrations (Figure 2 C) .
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on the Expression of Genes Related to Fatty Acids Oxidation in Hypercholesterolemic Wistar Rats
Dyslipidemia occurred after Triton administration is due to alteration in gene expression of fatty acids metabolism. Triton as shown in Figure 3 (A-D) induced significant decreases in the hepatic expressions of acyl CoA oxidase (ACO), and synthetase (ACS), carnitine palmitoyl transferase-1 (CPT-1) and peroxisome proliferator activator receptor-α (PPAR-α). While, administration of mushroom, curcumin and omega-3 significantly normalized the reported decrease in the expression of examined genes. Chrysin showed partial significant normalization in the mRNA expression of examined genes (Figure 3 A-D) . 
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on the Expression of Genes Related to Fatty Acids Biosynthesis in Hypercholesterolemic Wistar Rats
In contrast to the reported findings on the gene expression of fatty acids oxidation, there is an increase the expression of gene related to fatty acids biosynthesis and cholesterol metabolism. Triton as shown in Figure 4 (A-C) induced significant increases in the expression of fatty acids synthase (FAS), sterol responsible element binding protein -1c (STREBP-1c) and apolipoprotein CIII (apoCIII) expression in liver of Triton administered rats. Administration of mushroom, chrysin, curcumin and omega-3 significantly down-regulated the increase in the expression of examined genes (Figure 4 A-C) .
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on the Expression of Genes Related to Glucose Metabolism in Hypercholesterolemic Wistar Rats
In Triton hypercholesterolemic rats, PEPCK and glucose transporter-2 (GLUT-2) expression was decreased ( Figure 5 A-B) . Administration of mushroom, chrysin, curcumin and omega-3 returned PEPCK expression to normal levels of control rats ( Figure 5A ). Unlike PEPCK, the expression of GLUT-2 is individually affected by treatments. Figure 5B , showed that only mushroom and curcumin significantly normalized the down regulation of GLUT-2 expression. Chrysin and omega-3 failed to completely normalize the expression of GLUT-2 expression compared to control, Triton and simvastatin administered rats. . liver of triton group. A, liver of triton group showed accumulation of large (*) and tiny (arrows) fat droplets inside the hepatocytes. B, Deposition of large fat droplets could also be detected among hepatocytes (arrows). C, Liver also showed focal areas for degeneration and necrosis with fragmentation of nuclear chromatin and infiltration of some leukocytes in the necrotic arease (arrows). D, Presence of apoptotic hepatocytes could also be observed (arrow). H&E × 1200 
Effects of Mushroom, Chrysin, Curcumin and Omega-3 on Liver Histopathology in Hypercholesterolemic Wistar Rats
Liver of Triton group showed accumulation of large and tiny fat droplets inside the hepatocytes ( Figure 6A ). Deposition of large fat droplets could also be detected among hepatocytes ( Figure 6B ). Liver also showed focal areas of degeneration and necrosis with fragmentation of nuclear chromatin and infiltration of some leukocytes in the necrotic areas ( Figure 6C ). Presence of apoptotic hepatocytes could also be observed ( Figure 6D ). While the control group showed normal hepatic architecture with presence of a central vein surrounded by normal radiating hepatic cords with hepatic sinusoids in-between ( Figure 7A ). Liver of simvastatin group showed normal hepatocytes and sinusoids, portal tract appears normal with presence of mild leukocytic infiltration ( Figure 7B ). Liver of curcumin group showed normal hepatocytes and sinusoids ( Figure 7C) . Liver of omega-3 group showed normal hepatocytes and sinusoids with absence of fat droplets ( Figure 7D ). Liver of chrysin group showed normal hepatic cells with presence of few lipid laden Kupffer cells ( Figure 7E ). Liver of mushroom group showed congestion of central vein surrounded by radiating hepatocyte plates with normal portal tracts surround the classical lobules ( Figure 7F ).
Discussion
The current study showed that the usage of alternative herbal medications such as mushroom, chrysin, curcumin and omega-3 have antihypercholesterolemic effects in Triton WR1339 induced hypercholesterolemia. Triton WR1339 (Tyloxapol) is widely used to induce hypercholesterolemia in animal models [32] . It inhibits the activity of lipoprotein lipase, resulting in the accumulation of triglycerides (TG) and VLDL in plasma, beyond causes a significant increase in hepatic cholesterol biosynthesis by stimulating the activity hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase [32] . Moreover, Triton increases the production of free radicals by enhancing mitochondrial respiration and down regulating the antioxidant system [33] . Alterations in serum levels of hepatic transaminases indicate liver damage and necrosis [27, 34] . Like ours, many studies reported malfunctioning of the liver transaminases due to the intracellular accumulation of lipids and microvesicular steatosis [35] . In hyperlipidemia, increased hepatic transaminases escape to the plasma from the injured hepatic cells [36] . Therefore, the increment of the activities of hepatic transaminases in plasma may be mainly due to leakage of these enzymes from the liver cytosol into blood stream [37] . This leakage causes a decrease in levels of GOT and GPT in hepatic cells but increase their levels in serum [38] .
In the current study simvastatin was used as a wellknown lipid-lowering drug by competitively inhibiting HMG-CoA reductase activity, which plays a major role in cholesterol biosynthesis [39, 40] . The results of simvastatin on serum TG levels could be explained through elevation of lipoprotein lipase activity by increasing lipase mRNA expression [41] and through suppression of diacyl glycerol acyl transferase, which catalyzes the final step in TG biosynthesis in the rat liver microsomes [26, 27, 42] . Here, administration of mushroom extract, chrysin, curcumin and omega-3 as well as simvastatin to hypercholesterolemic rats resulted in reduction of serum levels of total cholesterol and TG, and elevation of HDLcholesterol than those in hypercholesterolemic rats.
During hypercholesterolemic, atherogenesis and oxygen-free radicals are generated [43] . Living tissues are endowed with innate antioxidant defense mechanisms, including CAT, SOD, and glutathione peroxidase (GPx), that are involved in the disposal of superoxide anions and H 2 O 2 [44] . A reduction in the activity of antioxidants is associated with the accumulation of highly reactive free radicals that cause deleterious effects, such as loss of integrity and function of cell membranes [44] . In the present study, Triton WR-1339 administration increased the oxidative stress biomarker MDA, and decreased the activity and mRNA expression of antioxidant enzymes (catalase, SOD, glutathione reductase and GST). It has been shown that 18 hours after Triton WR-1339 administration, the level of plasma ROS were increased and the activity of catalase and GPx were decreased compared to control group [28, 45] . In this study, those alterations were normalized by administration of mushroom, chrysin, curcumin and omega-3 as did simvastatin. Similar results were reported by Anandhi et al who explained that mushroom extract and chrysin possibly acted by neutralizing the free radicals generated during hypercholesterolemia [27] . The observed increase in MDA in hypercholesterolemic rats is possibly resulted from increased intensity of lipid peroxidation [46, 47] . Chrysin significantly increased GSH, CAT, GSH and Cu/Zn SOD levels [48] and has the capability of free radicals scavenging [49] . Curcumin normalized the decrease in antioxidant enzyme expression that is observed in hypercholesterolemic rats. Palipoch et al and Naik et al confirmed the protective effect of curcumin in normalizing the levels of liver enzymes and lipid peroxidation biomarkers [50, 51] . Omega-3 has also the potential protective role against ROS-induced oxidative cellular damage in rat organs, especially in the liver [52] . These results are of great importance since flavonoids are viewed as important components of 'functional foods', acting as modifiers of cardiovascular disease [53] . Therefore, it is desirable to develop natural drugs that have cholesterol-lowering action without side effects.
Lipid-lowering effects of mushroom and chrysin were due to inhibition of cholesterol biosynthesis and/or increase in fecal bile acid excretion [54] . Moreover, chrysin causes an increase in triglycerides catabolism and stimulates plasma lipoprotein lipase activity [28] . Mushroom administration reduces cholesterol levels and has great significance in prevention of hyperlipidemia or cardiovascular disease [14, 27, 28] . HDL-cholesterol is good for health, since it facilitates mobilization of triglycerides and cholesterol from the plasma to the liver [55] . Curcumin decreases the expression of FAS, a key enzyme in the de novo long-chain FA synthesis pathway [56] . Moreover, curcumin enhanced FA β-oxidation in adipocytes with a concomitant increase in the expression of CPT-1, a key enzyme in transferring acyl-CoA into mitochondria for β-oxidation [57] . Curcumin reduced mRNA levels of SREBP1-c, a key transcription factor for hepatic lipogenesis [58] . Dietary polyphenols like curcumin prevented obesity development through a decrease in food intake and lipogenesis, increase in lipolysis, stimulate FA β-oxidation, and suppress oxidative stress [59] . Therefore, curcumin inhibited hypercholesterolemia by regulating the mRNA expression of genes related to fatty acids biosynthesis and oxidation.
Omega-3 treated animals showed the best hypolipidemic effect compared to other groups. Omega-3 is lipidlowering drug in animal models and human studies [60] . It has been shown that omega-3 convey its beneficial effects via the activation of the nuclear receptor PPAR-α to enhance fat catabolism [61] . PPAR-α is predominantly expressed in the liver and regulates the transcription of genes involved in hepatic lipid uptake and oxidation, including ACO, ACS, CPT-1 and lipoprotein lipase (LPL) [62] . The lipid-lowering effect of omega-3 in liver is not solely due to acceleration of fatty acid oxidation by PPAR-α activation but due to its effect on other signaling pathways. Moreover, omega-3 regulated the expression of SREBP-1c and FAS ( Figure 4A-B) as supported by other studies [63, 64] . The decrease in apoCIII expression is due to the upregulation in PPAR-α expression, thus contributing to the lipid and lipoprotein lowering properties of fish or fish oil intake [65] .
Accumulation of fat droplets during hyperlipidemia reported inside the hepatocytes with degeneration, necrosis and apoptosis is the result of a) blocking the uptake of triacylglycerol-rich lipoproteins from plasma by peripheral tissues, b) stimulating the hepatic cholesterol biosynthesis [66] . Recovery of lipid accumulation was detected in mushroom, chrysin, curcumin and omega-3 groups as did simvastatin. The regeneration of histological changes occurred in hypercholesterolemic group are attributed to antioxidant effect of curcumin, mushroom and omega-3 FA and this is also in accordance with other studies [67, 68] . Pretreatment with curcumin and α-tocopherol improved liver enzymes levels and lipid peroxidation biomarker, the activities of enzymatic antioxidants, liver histopathology and gene expression of hepatic NADPH oxidase in cisplatin-treated rats [50] . In conclusion, this study clarified the beneficial effects of herbal plants and omega-3 in ameliorating the biohazards induced by hypercholesterolemia in Wistar rats at both molecular and cellular levels.
